Present observations are consistent with a number of neutrinos in the Universe much greater than the number of photons. We explore the possibility of the production and/or survival of a large lepton number within the framework of grand unified models. We find that standard unified theories with gauge-invariant initial asymmetries may give lepton numbers much greater than the photon number (even with zero initial baryon and lepton numbers), and lead to the possibility. that the present Universe is hot in baryons (n~&n~) but cold in leptons (n. &n~j. Detection of a large lepton number may thus provide a probe of initial conditions.
The recent development of theories that attempt to unify the strong, weak, and electromagnetic interactions' has led to the speculation that the baryon-and lepton-number-violating interactions that occur in such theories provide a natural explanation for the observed cosmological baryon asymmetry. 2~O ne of the strong points of this mechanism is thought to be the lack of dependence of the final baryon asymmetry on the initial conditions. If any initial asymmetries are destroyed before baryon-number-generating decays take place, then the final baryon number depends only on the dynamics of the theory being considered. In this paper we demonstrate that initial conditions may be important, i.e. , that grand unified interactions need not eradicate the memory of initial conditions, and we suggest that the lepton number of the Universe may provide a measurement of these initial conditions. In particular, we find that in SU(5) models both the final values of the baryon number (&) and lepton number (l,}depend sensitively on initial conditions and may be 'independent of each other. The conditions necessary for a large L and small I3 in SU(5) models naturally lead us to a consideration of SO(10) models. We find that large initial SO(10)-invariant asymmetries ( 
The Boltzmann equation for the evolution of the b number density is given by (the R/R term represents the dilution of the number density because of expansion). 
vrhere we have made the approximation that f"(p") =f-"(p-")«1 (i.e. , no Bose condensate). The equation for n~is in general quite complicated, but it has reasonably simple forms in the hot limit (n,/nz =n;/nz = 1), and in the cold limit (n, /n, »1;n;/n, «1).
In the hot limit f~(p), f~(p)«1, p/T«1, so the phase-space distributions may be approximated by the Maxwell-Boltzmann form where nx~is the equilibrium X number density for two-body scattering through t-channel exchange of a spin-j particle is o-(s/m')'/s. In the cold limit, the baryon number density is n~= p'/ 6w', the average energy is (E) =3M/4 (e =9M'/4), and the age of the Universe is (see Appendix A) t = 3m~/2 pm. In the cold limit the final value of 8 is thus n =-2B(r")~-4Bn, (lvle'). The independent fermion asymmetries may thus be parametrized by the quantities
where the asymmetries in the quark fields are summed over the three possible colors.
At temperature above the unification mass the full SU(5) invariance will enforce equality in the asymmetries among members of irreducible representations of SU(5). We thus consider SU(5) invariant but CP-noninvariant initial conditions with an asymmetry q, in each member of the~5 and an asymmetry g» in each member of the~10 .
In fact this is a quite general result. The In order to adjust the other mass relations in Eq.
IV. LEPTON NUMBER IN SO(10)
In grand unified theories' based on the gauge group SO(10) all the fermions in a, single family are assigned to the complex spinor representatioñ 16:
The global B -L symmetry present in SU (5) models is gauged in SO(10}models with the Nf assigned B -L =1. This initial condition thus corresponds to zero net &and L. It should be noted that in the limit of exact SO(10) invariance the presence of an unbroken charge conjugation operator C requires any asymmetries in quantum numbers that are odd number C (e.g. , B, L, Q, . . . } to be zero.
The damping of asymmetries will in general depend on the pattern of symmetry breaking. We first consider the case SO (10) with Nc corresponding to the SU(5) singlet. In terms of SU (5) (4) 
